Abstract-The effects of a time lag in the magnetic quenching of the α effect is considered for an oscillating magnetic field in a Parker dynamo. The hypothesis of a parametric resonance in the system is justified, a modification of the solution is found, and the appearance of processes with periods much longer than the fundamental oscillation period is demonstrated.
INTRODUCTION
Dynamo theory, which can explain the persistence of natural magnetic fields over time intervals far exceeding the characteristic decay times (see, e.g., [1] ), is a nonlinear theory. In dynamo theory, the energy of thermal and radioactive sources and the energy released due to the differentiation of matter is converted into the energy of magnetic fields. Even the system describing convection is nonlinear. The inclusion of a magnetic field in the model can only increase the degree of nonlinearity, since the magnetic field affects the velocity field via the Lorentz force, which is quadratic in terms of the magnetic field. Even the simple Boussinesq model of thermal convection with a magnetic field contains four terms in which the temperature field, T , the velocity field, V, and the magnetic field, B, appear in products. This gives rise to extended field spectra, which can clearly be observed in many objects.
It is known from the general theory of nonlinear systems [2] that resonance instabilities can develop in multimodal models. Interest in such phenomena described by the dynamo theory has been maintained over many years, in particular, by "malfunction" effects in the dynamo action, which result in geomagnetic-field reversals and suggest explanations for the Maunder minimum in the context of the solar dynamo (see [3] for various scenarios of this phenomenon). Studies in this area prompted the recent numerical simulations [4] [5] [6] [7] , which demonstrated the development of instabilities in the process of magnetic-field generation by flows found by solving the full nonlinear dynamo system, including the back influence of the magnetic field on the flow. A small magnetic-field perturbation proves to be sufficient for the magnetic field to start growing exponentially. This has been confirmed by many numerical simulations, from cascade models of turbulence to threedimensional computations in planar or spherical geometries, which suggest the possibility of parametric resonances in such systems [8] . We will consider this phenomenon below using a Parker dynamo (frequently used in various areas of theory) as an example. The essence of our approach is to introduce a delay in the back influence of the magnetic field on the α effect, which results in a parametric resonance in the system (such a delay was first suggested to account for variations in the cyclic character of solar activity in [9, 10] ). In Section 2, we consider model equations and discuss the basis for this time delay. Section 3 considers the emergence of a parametric resonance in the system, the effect of the time lag on the behavior of the phase portrait of the system, and the variations in the phase shift between the poloidal and toroidal magnetic fields; we also show how the nonlinearity affects time changes in the shape of the curve. Section 4 presents a discussion of the results.
DYNAMO EQUATIONS
We consider Parker's dynamo model, which is frequently used to describe the generation of magnetic fields in galaxies, the solar dynamo, and the geodynamo [11, 12] . We will use the following thin-shell equations:
where A and B are the azimuthal component of the vector potential of the magnetic field (B = curlA) and the azimuthal component of the magnetic field B; α is the hydrodynamic helicity, which depends on the coordinate ϑ; and D is the dynamo number, which is proportional to the product of the amplitudes of the 
The system (1) then reduces to the eigenvalue prob-
where γ is the growth rate. According to the general representations, the pseudo-scalar quantity α(ϑ) is 
